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l.  INTRODUCTION 


1,  Background 


Digital  testing  differs  from  analogue  testing  primarily  in 
that  a multitude  of  resources  need  to  be  activated  simul- 
taneously. in  addition,  for  high-speed  (dynamic)  testina, 
precise  time  control  is  reguired  between  the  activation  of 
events  from  different  resources.  Neither  of  these  charac- 
teristics is  available  in  the  current  version  of  OPAL. 


OPAL  is  a highly  structured  language,  and  by  virtue  of  its 
modular  syntax,  imposes  few  restrictions  on  syntactical  con- 
structs. It  was , therefore,  decided  that  the  recommended 
"digital"  constructs  would,  in  general,  not  be  tailored  only 
to  "diaital"  testing  in  the  form  of  a "template  language” 
but  would  provide  the  capability  to  describe  the  reauire- 
ments  in  general  terms.  Therefore,  any  appropriate  sianal 
oriented  statements  could  be  utilized  within  the  new  struc- 
tures . 


2.  Concepts  and  Reasoning 


a)  The  introduction  of  sets  (single  dimensional  arrays)  of 
resources  with  similar  or  identical  characteristics  provides 
the  mechanism  by  which  multiple  resources  can  be  activated 
simultaneously  or  within  a controlled  time  environment. 


The  resource  sets  may  be  fully  partitioned  in  a structured 
fashion.  This  will  enable  suo-sets  of  any  aesired  level  to 
provide  the  vehicle  to  specify  special  limitations  and  con- 
nections to  those  sub-sets. 


b)  Resource  sets  may  be  referenced  as  an  entire  set,  or  as  in- 
dividual components  referenced  by  index  selection,  or  as 
sub-sets  referenced  by  a structured  notatlonal  form  which 
relates  each  sub-set  to  its  base  set. 


c)  Functional  testing  where  inter  statement  tlminq  is  not  criti- 
cal will  be  performed  utilizing  the  already  existing  itera- 
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tive  structures  and  modified  CHANGE  and  READ 
(LOOP,  FOP,  etc.). 


statements 


Dynamic  testirn  will  be  performed  by  the  introduction  of  a 
new  time-control  statement  (PUN)  which  contains  stimulus  and 
response  iterative  clauses.  In  the  Interest  of  ensurina 
that  hiqh  speed  and  precise  timinq  can  be  achieved,  these 
structures  are  restricted.  They  require  that  data  analysis 
be  deferred  until  after  invocation  of  the  PUN  statement. 


Ai thou ah  the  current  BJTSTPJNG  data  mode  and  associated 
operators  provide  all  the  necessary  basic  tools  to  analyze 
response  data,  it  was  felt  that  the  process  would  be  both 
error  prone  and  unnecessarily  copious.  As  a result,  the  DE- 
CLARE statement  for  strinas  was  extended  to  enable  fully 
partitioned  structured  substrinqs  to  be  specified.  Refer- 
ence of  those  substrings  utilizes  a notational  form  con- 
sistent with  that  utilized  to  reference  resource  sub-sets. 
This  approach  was  selected  partially  to  maintain  lanquaqe 
consistency  but  also  to  emphasize  the  relationship  between 
bits  within  strinas  and  components  within  resource  sets. 


The  maprim  of  bits  within  strinqs  to  resource  sets  is  im- 
plied by  the  ordinal  positions  of  bits  and  resource  com- 
ponents within  the  DECLARE  and  REQUIRE  statements,  respec- 
tively. For  example,  if  the  bitstrino  S is  declared  as  hav- 
inq  10  bits  and  the  diqital  resource  set,  D,  of  10  com- 
ponents, the  most  sianificant  bit  (bit-1)  of  S is  associated 
with  the  resource  component  0(1),  the  next  most  siqnif leant 
bit  of  S (bit-?)  is  associated  with  the  resource  component 
D ( 2 ) , etc.,  if  the  data  from  S is  used  as  a STATE  modifier 
for  the  resource  set  D. 


To  enable  anv  characteristic  to  represent  loqical  data  the 
suffix  LOGIC  will  be  used  with  any  applicable  noun.  The  use 
of  the  suffix  implicitly  defines  that  there  is  a loqical 
state  bit-strinq  modifier  associated  with  the  resource.  To 
define  the  loqical  states  requires  that  the  modifier  appear 
twice,  with  0 and  1 suffixes,  in  both  the  resource  defini- 
tion and  the  appropriate  executable  statements. 


To  completely  describe  the  limitations  of  a diqital  loqic 
resource,  both  chanqes  and  additions  were  made  to  the  modif- 
ier set.  These  are  summarized  below. 


1)  STATE  modifier  to  describe  the  loqical  'state' 

of  a digital  logic  resource  set. 


2)  0,1  modifier  suffixes  to  be  used  with  the 

modifiers  defining  the  logical  state  to 
describe  the  analogue  characteristics 
which  represent  a 0 and  1 respectively 
in  the  STATE  bitstrina. 


The  use  of  a diqital  logic  resource  may  require  the  use  of 
additional  modifiers  to  the  set  associated  with  the  noun, 
these  are  summarized  below: 


1)  DATA_RATE  Describes,  for  sources,  the  rate  at 

which  CHANGES  can  occur,  and  for  sensors 
the  rate  at  which  READinos  can  be  made, 
normally  has  an  HZ  dimension.  In  gen- 
eral, this  modifier  must  be  CONTROLaole, 
and  is  programmed  by  the  at_rate  clause 
in  the  CHANGE  and  READ  statements,  tor 
source  and  sensor  resources  respective- 
ly. However,  if  the  usage  within  an  en- 
tire test  proqram  reauires  that  the 
value  is  constant,  it  may  appear  as  a 
CAPABILITY  modifier. 


2)  DA  T a_w I OTH  Used  only  with  source  resources  and 

describes  the  pulse  width,  in  units  of 
time  for  a single  'bit'  of  data.  In 
general,  this  modifier  must  be  CONTFOL- 
able  and  is  programmed  bv  the  for-tlme 
clause  appearing  in  the  chanqe  state- 
ment. However,  if  the  usage  within  an 
entire  test  program  requires  that  the 
vaiue  is  constant,  it  mav  appear  as  a 
CAPABILITY  modifier. 


3)  RUPEF.R_.SIZE  As  later  described  in  this  report,  the 

model  of  a digital  resource  for  dynamic 
testing  includes  a memory  buffer.  The 
dynamic  testing  construct  proposed 
describes  the  number  of  'bits'  transmit- 
ted or  received,  at  the  specified  rate, 
in  a contiguous  stream.  m order  to 


determine  if  a specific  actual  resource 
can  satisfy  the  virtual  resource,  it  Is 
necessary  for  the  maximum  number  of  bits 
issued  in  a continuous  stream,  at  any 
ooint  within  the  entire  test  program,  be 
specified  as  a CAPABILITY  BUFFEP.SIZt: 
modifier  in  the  virtual  resource  REOUIRE 
statement.  It  should  be  understood  that 
if  the  actual  resource  RJFFER_S1ZF  is 
less  than  the  virtual,  it  does  not 
necessarily  preclude  the  possibility  of 
the  REQUIREMENT  bei nq  satisfied.  This 
is  so  since  tne  maximum  REQUfRF 
DATA_P ATE  may  be  such  that  buffering  is 
not  reauired. 


Resources  which  have  a single  input  or  outDut  port  need  not 
have  a connection  point  identified  since  it  is  obviously 
redundant.  In  addition,  it  simplifies  the  writing  of  digi- 
tal test  statements  since  such  statements  freguently  satisfy 
the  criteria  of  a single  port. 


The  modifications  to  the  SPECIFY  statement  introduce  test 
point  arrays,  nenceforth  referred  to  as  sets.  These  arrays 
are  limited  to  a single  dimension  but  unlimited  structured 
subsets  are  permitted.  These  changes  were  effected  to  pro- 
vide a shorthand  notation  for  providing  the  connection 
between  a set  or  sub-set  of  resources  and  a set  or  sub-set 
of  test  points. 
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Dynamic  Testing 


Dynamic  testinq  imDlies  that  stimulus  and  response  data 
rates  will  be  at  the  normal  or  maximum  operatinq  speed  of 
the  unit  under  test.  In  general,  with  the  current  genera- 
tion of  computer  controlled  test  devices,  such  test  pro- 
cedures cannot  be  achieved  by  direct  control  of  the  test  in- 
terface from  the  CPU.  I/O  bus  data  rates  cannot  function  at 
sufficiently  high  speeds.  The  technique  most  commonly  em- 
ployed to  run  dynamic  tests  is  to  provide  ^.he  test  interface 
with  a hioh  speed  buffer  which  can,  for  stimuli,  be  loaded 
with  data  from  tne  CPU  memory  at  relatively  low  speeds.  The 
data  from  the  high  speed  buffer  is  subsequently  clocked  to 
the  test  interface.  For  response  data,  the  test  interface 
is  strobed  at  high  speed  and  the  data  is  temporarily  stored 
in  the  hioh  speed  buffer.  When  sufficient  data  has  been 
qathered,  or  when  the  buffer  memory  is  full,  the  data  is 
transferred  from  the  hiqh  speed  buffer  to  the  CPU  memory  at 
relatively  low  speeds.  A block  diagram  of  a typical  system 
follows. 


. . . - 


There  are  a number  of  very  siqnificant  constraints  which 
result  from  a system  of  this  nature  and  it  is  our  opinion 
that  they  should  be  considered  in  the  design  of  the  dynamic 
testing  language  constructs.  Those  constraints  are 
enumerated  below: 
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a)  Analysis  of  response  data  cannot  be  invoked  during  exe- 
cution of  the  test.  It  is  realized  that  there  are,  at 
this  time,  a small  percentage  of  testers  which  can  per- 
form limited  analysis  "on  the  fly".  This  limited 
analysis  usually  Includes  the  ability  to  mask  the 
results  and  perhaps  compare  them  with  an  expected 
response  and  to  generate  an  interrupt  when  a mismatch 
occurs.  It  was  described  in  our  interim  report  that 
such  esoteric  features  would  not  be  included  in  this 
initial  revision  to  the  language. 


b)  However  large  the  hiqh-speed  buffer  memory(s)  is,  it  Is 
finite,  and  will  require  filling  or  flushing  from  or  to 
the  CPU  memory  at  various  intervals  during  lenqthy  test 
sequences.  Thus,  the  specified  clock  frequency  can 
only  be  achieved  for  a limited  number  of  patterns.  In 
aeneral,  discontinuities  of  this  nature  are  of  little 
importance.  However,  when  testinq  charoe  storage  dev- 
ices, minimum  frequency  requirements  may  be  imposed  by 
the  very  nature  of  those  devices.  Tt  Is  feasible  that 
this  problem  could  be  resolved  by  providing  a high  fre- 
quency 'refresh'  of  the  last  pattern  Issued  during  that 
time  that  the  stimulus  buffer  was  being  filled  from  the 
CPU  memory.  However,  such  a technique  does  not  appear 
to  be  widely  employed  and  the  alternative  of  allowinq 
the  test  programmer  to  control  discontinuity  points  was 
considered  a viable  solution. 


c)  The  pounds  of  the  data  vectors  must  be  defined  prior  to 
execution  of  the  specific  test  and  the  iterator  control 
variable  must  not  chanqe  within  a single  Iood  of  the 
stimulus-de lay- response  sequence. 
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REQUIRE  Statement 


II. 


A REQUIRE  statement  describes  a virtual  resource  needed  to 
conduct  a test  of  a UUT  and  assumed  to  be  available. 


1.  Syntax 
reouire-stmt 


REQUIRE  resource-name,... 


i test-resource 
•^clock-resource 
]_i /o-resource 


resource-name 


name 


test-resource 
test-resource-desc  : 

test-resource-snec  : 

control -limitation  : 
capability- limitation 
limit-limitation  : 

rea-l imitation  : : = 

sicr-limitatlon  ::  = 


noun  siq-modifier  .'SOURCE 1 

< lSENSORj  > test-resource-desc 
[IMPEDANCE  Siq-modifier  LOAD  J 

= { test-resource-structure]  test-resource-spec 

[CNX  rea-conn) 

s WITH  [control-limitation] [capab 1 1 i tv- 1 imitation] 
[limit-limitation] 

= CONTROL  req-limitation, . . . 

::=  CAPABILITY  req-limitation,... 

= LIMIT  req-limitation,... 

siq-limitation 

< test-limitation  > 

L thru-limj tation  j 

sio-modifier  req-mod-desc 


; 

* 

t 
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test-1  Imitation  : : = 


test-modifier  req-mod-desc 


thru-limitation  ::=  thru-modifier  req-mod-desc 


reo-mod-desc  : : = 


reo-mod-value 


req-mod-ranqe  : : = 


r 

J req-mod-value 
req-mod-ranqe  \ 


eq  J nurner icai-constant ,... [accuracy] 
(numerical -con st ant  accuracy) , . . . 


{(qt-lt  numeric-constant)  I 


(eq  numeric-constant  TO  numeric-constant 


[BY  numeric-constant) ) ) [accuracy] 


qt-lt 


eq 


r eq-conn 


> 

J >=  V, 

' < 

I <= 

l J 


(pin-descr iDtor  = resource-pin),... 


test-resource-structure  SET  (set-clause,...) 


set-clause 


after-clause 


inteqer-constant 
'i  resource-name  [(set-clause,...)] 

I J 

[test-resource-spec] [CNX  req-conn] 


AFTER.OFLAY  time-clause 


[after-clause] 
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t i me -cl  a use  ::  = 

siq-modi f let  ::  = 
noun  : : = 
modifier  : : = 
noun-suffix  ::= 
modifier-suffix  : : = 
2.  Constraints 


f ] 

qt-lts  time-interval 

eq 

time-interval  TO  time-interval 


name 

name Inoun-suf f ix J 


name [modifier-suffix] 

.name 

.name 


Pin  descriptors  and  modifiers  must  be  appropriate  to  the  in- 
dicated noun.  Pesource.pins  and  resource.names  witnin  a 
single  set.clause  and  tes t.resource  must  be  unique. 


3.  Examples 


a)  REQUIRE  T2  TIME  INTERVAL  CLOCK; 


h)  REQUIRE  ACS  AC  VOLTAGE  SOURCE 

WITH  CONTROL  VOLTAGE* t VOLT  TO  10  VOLT  BY  tOO  M*VOLT, 
EHEQ=50  HZ  TO  400  HZ 
CAPABILITY  CURRENT* 1 AMP 
LIMIT  CURRENT=2  AMP 
CNX  Hl  = A,  L0=B; 

C)  REQUIRE  AC VM  AC  VOLTAGE  SENSOR 

WITH  CAPABILITY  VOLTAGE<=450  VOLT, 

ERE0=50  HZ  TO  440  HZ 
CNX  H I = A , LO  = B , L0  = G; 

d)  REQUIRE  LD  LOAD  IMPEDANCE 

WITH  CAPABILITY  IMPEDANCE=1000  OHM 
LIMIT  CURPENT_TRMS=1  AMP 


k 
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I 
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CMX  P1=HI,  P2=L0; 

e)  require:  dssd  pc.logic  voltage  source  set 

(TTL(8)  with  CONTROL  VOLTAGE.l =4.7  VOLT, 

VOLTAGF  _0  = 0 VOI,T 
CAPARILITY  CURRENT=10n  M*AMP, 
SLL ( 4 ) WITH  CONTROL  VOLT ACE.l =- 1 . 2 VOLT  , 

VOL.TAGE.Os5. 8 VOLT 
) WITH  LIMIT  RISE-TIME  < 100  N*SEC 
CNX  TRUsD,  comp=g; 


4.  Semantics 


These  semantics  define  only  the  structural  concepts  (i.e., 
Sets)  for  which  this  organization  is  responsible.  The 
remainder  of  the  statement  semantics  must  be  appended. 


a single  identifier  ( resource. name ) may  refer  to  a set  of 
identical  or  similar  resources.  Any  action  referencinq  such 
an  identifier  implies  that  the  action  to  each  component  of 


the  set  is  to  be  performed  concurrently.  The  number  of  com- 
ponents within  the  set  is  defined  by  the  sum  of  the 
intener-constants  which  appear  within  the  construct.  Eully 
partitioned  subsetting  of  continuous  groups  of  components, 
with  or  without  names,  may  be  specified  by  the  recursive  na- 
ture of  the  set-clause  construct. 


Test  resource  specifications  ( test-resource. spec ) and  con- 
nections (CNX  req.conn)  are  local  to  the  scope  in  which  they 
are  defined  and  qlobal  to  anv  subsets  within  that  structure 
with  the  follow  in q exception: 

If  they  are  respecified  within  a lower  level  structure, 
that  resnecif ication  becomes  valid  for  the  scope  in 
which  it  is  defined.  Of  course  this  rule  applies  re- 
curs! vely. 


The  following  example  shows  the  scoping: 


REQUIRE  A DC  VOLTAGE  SOURCE  SET 

(H(2),C(2)  WITH  CONTROL  V011AGE=1  VOLT, 
D(E(?),E  WITH  CONTROL  VOLT  6 OF.  = 2 VOLT) 
WITH  CONTROL  VOLTAGE'S  } VOLT) 


) wIITH  CONTROL  V()LTAGE=4  VOLT 

CAPABILITY  CURRENTS]  A«P 
CNX  PsHI , Q=LO; 


Camoon&al  Subset 


Subset 


Las.e 


] 

2 


'v 

1 


3 

4 

5 

6 
7 


1 

2 


“N 

l 

( 


E 


1 F Voltaqes 
2 Volt 


/* C Voltaqes 
2 J 1 Volt 

1 

2 > D Voltaqes 
i 3 Volt 

3 

j 


3 

4 ^ A Voltaae  = 

4 Volt 

5 j CNX  P,Q 

b 


Thus : 

a)  Each  resource  component  has  two  pins;  P and  0. 

o)  Components  1 throuqh  2 of  set  A (subset  B)  have 
voltaqe=4  volt  as  qlobally  defined. 


c)  Components  3 throuqh  4 of  set  A (subset  C)  have 
voltaqe=l  volt  as  locally  defined  at  the  C level. 

d)  ComDonents  5 throuqh  7 of  set  A (subset  D)  have  a 
voltaqe=3  volt  speci f icat ion # however  only  the  com- 
Donents  5 throuqh  6 of  set  A (1  throuqh  2 of  subset 
n,  subset  E)  have  that  specification  since  com- 
ponent 7 of  set  A (component  2 of  subset  D,  subset 
F)  has  the  voltaqe  respecifled  as  voltaqe=2  volt. 

e)  Each  resource  component  has  a current  capability  of 
1 amD. 


The  after-clause  serves  to  define  a time  delay  between  the 
'chanqe'  command  and  the  actual  chanqe  belno  invoked.  The 
example  shows  a definition  and  usaqe  with  the  CHANGE  state- 
ment. 


- 


I 


REOUIRE  DSSD  DC-LOGIC  SOURCE  SET 

( DATA ( 1 0 ) , CLK  AFTER  DELAY  10  N*SEC  TO  100  N*SEC) 

WITH  - — 

CNX  — — — ; 


CHANGE  STATE  OF  DSSD. DATA  TO  SV.DATA, 

DSSD. CLK  TO  BIN  '1* 

AFTER-DELAY  = 50  N*SEC  ; 


When  the  CHANGE  statement  is  executed,  the  anove  statements 
cause  resource  set  DSSD.DATA  to  change  value  to  SV.DATA  at 
the  time  of  'chanqe'  command  (or  t-zero  ).  The  resource 
DSSD. CLK  is  changed  to  the  value  of  BJN  *1'  after  a delay  of 
50  nanoseconds  from  the  time  of  the  'chanae*  command  (or  t- 
zero+50 ) . 


RESOURCE  REFERENCES 


Resources  are  referenced  bv  enumeration  of  the  resource 
name . 


Syntax 


resource-ref  resource-name  . ...  [ rcomoonent-selector : 1 


inteaer-constant 


component-selector 


Constraints 


If  the  resource  name  represents  a set,  the  name  represents 
the  entire  set.  It, it  Is  desired  to  reference  a subset,  it 
is  required  to  enumerate  the  base  set  and  the  subset.  If  it 
is  renuired  to  reference  an  Individual  component  of  a set  or 
subset,  it  is  necessary  to  index  into  the  set  or  subset 
base . 


Examples 


Given  the  following  resource  REQUTREment 


REQUIRE  JAK  OC.LOGIC  SOURCE  SET 

( A(6)  , B ( C ( 7 ) , 0(2))  , 4) 


Entire  set  of  14  components. 


JAK  .A 


JAK.B 


Subset  A which  is  eauivalent  to 
comoonents  1 through  6 of  the  base 
set  (JAK). 


Subset  R which  is  equivalent  to 
components  7 through  10  of  the  base 
set  (JAK). 


r 


"■  ' 


JAK.B.C  Subset  C of  subset  B of  base  set 

JAK  which  is  equivalent  to  com- 
ponents 1 throuqh  2 of  subset  B 
which  are  equivalent  to  components 
7 throuqh  8 of  the  base  set  JAK. 


JAK. B. 0:1:  The  first  component  of  the  subset  0 

which  is  equivalent  to  the  third 
comoonent  of  the  subset  B which  is 
equivalent  to  the  ninth  component 
of  the  base  set  JAK. 


It  can  be  seen  from  the  above  examples  that  anv  set,  sub-set 
or  sinnle  component  of  a set  can  be  referenced  either  by  a 
set -name , subset  name  or  by  a selector  clause  or  a combina- 
tion of  both  techniques. 


4.  Semantics 


If  the  subsets  are  referenced,  they  must  be  based  to  the 
next  hiqhest  level  structure  (set  or  subset).  This  is  con- 
tinued recursively  until  the  base  set  is  encountered. 


The  inteqer-constant  of  the  selector  clause  represents  the 
ordinal  index  within  the  set. 


n.B.  The  left  most  resource  comoonent  in  the  set  is 
represented  as  ordinal  position  1. 
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IV.  DECLARE  STATEMENT 


To  aid  in  examining  and  settincj  substrings,  the  following 
nomenclature  cnanges  are  recommended. 


1 . Syntax  (Changes  ) 

string-mode  ::=  icHARSTRING  s (^'length-clause,... 

BITSTRING  * 

f integer-constant 

length-clause  V 

: name  [(length-clause,...  )]  | 


2.  Examples 


1)  DECLARE  S R ITSTR I NG ( 80  ) S 

2)  DECLARE  S B I TSTR ING ( L ( 40 ) , R ( 80 ) ) $ 

3)  DECLARE  X CH APSTR I NG ( 6 , SZ ( 1 0 ) , 4 , Q ( 8 , QZ ( l ) , 2 ) ) S 


Examples  1 and  2 both  declare  a bitstring  identifier  S of  80 
bits.  However,  in  example  2,  the  strinq  is  constructed  from 
the  concatenation  of  the  substrings  L and  R,  each  consisting 
of  40  bits.  Example  3 shows  a more  complex  structured  exam- 
ple. 


t b 


' 


V.  STPTNG  REFERENCES 


Strings  may  be  referenced  In  their  entirety  by  enumeration 
of  the  base  identifier. 


1 .  Syntax 


strino.ref  ::=  name ,...(: string-selector : ) t (array-selector ) 1 
st r inq-selector  ::s  expression 
array-selector  ::=  exbression, . . . 


2.  Constraints 

If  it  is  desired  to  reference  a substrinq  of  bits  (or  char- 
acters), it  is  required  to  enumerate  the  base  strino  iden- 
tifier and  the  substrinq  Identifier,  or  by  an  index  refer- 
j ence,  or  by  a combination  of  both  techniques. 


I 


\ 

I 


l 


3.  Examples 


Given  the  following  declare  statements: 


1)  OFCLARE  X CHARSTRING(6,SZ(10),4,0(8,0Z(1),2))  $ 

2)  DECLARE  S 4ITSTRING  ( L ( 40 ) , R ( 40  ) ) ARRAY  C 1 00 ) $ 


From  t 

X.SZ  means  Characters  7 thru  16  of  the  strinq  X. 

X.Q.OZ  and  X.Q:9:  and  X:29:  are  equivalent 

and  mean  character  9 of  sub-strinq  X.Q 
or  character  29  of  the  strina  X. 


From  2 

S . L ( 7 ) means  bits  1 thru  40  of  element  7 of  array  S. 

S.R(7)  means  bits  41  thru  80  of  element  7 of  array  S. 

S.R  means  the  sub-strinq  array  consisting  of  bits  41  thru  80 


lb 


7 

I 

h 

* 


i 


of  the  array  S, 


Semantics 


If  the  substrings  are  referenced,  they  must  be  based  to  the 
next  highest  level  structure  (strinq  or  substring).  This  is 
continued  recursively  until  the  base  set  is  encountered. 


The  expression  of  the  strina-selector  clause  represents  the 
ordinal  bit  or  character  index  within  the  component  struc- 
ture. 


N .B . The  left -most  character  or  bit  is  considered  as  ordinal 
position  1. 
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vr.  SPECIFY  STATEMENT 


A SPEC  r FY  statement  describes  an  actual  test-point  on  a hut, 
and  the  constraints,  if  anv,  to  be  imposed  on  that  point. 


Syntax 


soecifv-stmt  ::  = SPECIFY  test-place,.. 


llnkaqe  restrictions  ; 
shaoe 


1 infcaqe 


LIMKFD  connection,... 


connect i on 


pin-descriptor  = test-point 


pin-descr irtor 


name 


test-point 


name 


shaoe 


:=  SET  (shape-clause) 


shape-clause 


restr let  ions 


( lnteaer-constant  1 (restrictions] 

1 r * 

(test-ooint  l (shape-clause ,,..)]; 


AS  ) i resource-name  i .EMITTER  ^ ; soecif v-spec v 
Vi  noun  modi  f ier  V.  ACCEPTOR  ' 


OPAS. . . 


spec i f v-soec 


:=  WITH  limitation,... 


limitation 


:=  modifier  (modifier-value],... 


modi f ier-value 


I 


< 


numeric-constant 

numeric-constant  TO  numer ic-constani 
numer ic-constant 


i 


' 

i 

i 


2.  Constraints 


If  a resource-name  is  part  of  a SPECIFY  statement#  it  shall 
have  been  Dreviously  described  in  a REQUIRE  statement. 
Pin-descriptors  and  modifiers  must  be  appropriate  to  the  in- 
dicated noun.  Test-point  names  at  the  same  level  within  a 
shaoe-clause  must  be  distinct. 


3.  Examples 


1 ) SPECIFY  UUT  SET (100)  $ 


2)  SPECIFY  UUT  SET 

(DIGITAL (CLOCK (4)  ,0ATA(16) , CONTROL (8)) 
LOGIC  VOLTAGE  ACCEPTOR  WITH 
VOLT AGE—0<2 . 2 VOLT, 
VOLTAGE- 1>=2.2  VOLT, 

ANALOG (2 ) 

DC  VOLTAGE  EMITTER  WITH 

VOLT AGE  = 0 VOLT  TO  10  VOLT); 


4.  Semantics 


In  Example  1,  a UUT  is  modelled  as  a set  of  100  ordered  test 
points  any  of  which  may  be  referenced  by  subscr iptina. 


In  Example  2,  the  UUT  is  structured  as  a set  cf  30  test 
points  which  are  qrouped  into  two  first  level  subsets  con- 
sistino  Of  DIGITAL  (28  test-points)  and  ANALOG  (2  test- 
oolnts).  The  ANALOG  subset  is  restricted  to  a DC  voltaqe 
emitter  with  a voltaqe  ranoe  of  0 throuqh  10  volts.  The  Dl- 

IGITAL  subset  is  restricted  to  a loqic  voltaqe  acceptor  with 
a voltaqe-0  represented  by  less  than  2.2  volts  and  voltaqe-1 
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reoresented  bv  greater  than  or  equal  to  2.2  volts.  The  sub- 
set DIGITAL  Is  further  subset  into  three  groups;  CLOCK,  DATA 
and  CONTROL,  with  4,  16,  and  8 test-points,  respectively. 


VII 


TEST  POINT  REFERENCE 


Test  points  are  referenced  by  enumeration  of  the  test-point 
name . 


1.  syntax 

test-point-ref  test-point.  ...(: test-point-selector  : ] 

test-point-selector  ::=  integer-constant 


2.  Constraints 


If  the  test-point  name  represents  a set,  the  name  represents 
the  entire  set.  If  it  is  desired  to  reference  a sub-set, 
it  is  required  to  enumerate  the  base  set  and  the  sub-set. 
If  it  is  required  to  reference  on  an  individual  pin  of  a set 
or  a sub-set,  it  is  achieved  bv  indexina  either  to  a set  or 
sub-set . 


3.  Examples 


Given  Example  2,  under  SPECIFY  above, 

UUT  Entire  set  of  3h  pins 


OUT  .DIGITAL  Sub-set  DIGITAL  Vkhich  is  equivalent 

to  bins  I throuqh  2R  of  the  base  set 
UUT. 


UUT. DIGITAL. DATA  Sub-set  DATA  of  SUD-set  DIGITAL  of 

set  UUT  equivalent  to  rlns  5 through 
20  of  sub-set  DIGITAL  and  pins  5 
throuqh  20  of  set  UUT. 


UUT. DIGITAL. CLOCK :2S  Pin  2 of  sub-set  CLOCK , 
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4.  Semantics 


If  sub-sets  are  referenced,  they  must  be  based  to  the  next 
highest  level  structure  (set  or  sub-set).  This  Is  continued 
recursively  until  the  base  set  is  encountered. 


The  intecrer-constant  of  the  selector  clause  represents  the 
ordinal  index  within  the  set. 

j 

N . The  left  most  pin  in  the  set  is  considered  as  ordinal 
pos  i t ion  1 . 


VIII 


CONNECTION  REFERENCES 


The  following  construct  permits  the  reference  of  sets  of 
resource  pins  and  connecting  them  to  sets  of  test  points. 


Syntax 


source-conn 


< resource-pin  = test-Dolnt-group , . . . > . 


test-point-qroup  test-polnt-ref 

( test-polnt-ref , . . . ) 


test-Doint-ref  ::=  name,  ...  [;  test-point-selector : J 


test-Doint-selector  ::=  integer-constant 


sensor-conn 


::=  J resource-pin  = test-polnt-ref 

' (test-point-ref,...)’ 


Constraints 


If  parenthetical  phrases  are  written  to  the  riqht  of  the 
equals  sign,  the  resource  pin  references  to  the  left  of  the 
equals  must  be  a set.  Further,  the  components  of  the 
resource  Pin  set  are  connected  to  the  Individual  components 
described  in  the  parenthetical  phrase  in  the  order  in  which 
tnev  appear.  It  several  test -point-qr our  constructs  are 
written  with  intervening  commas,  each  component  of  the 
resource  nin  set  is  connected  to  the  corresponding  component 
in  each  test-noi nt-aroup. 


Examples 


1)  CONNECT  OSS  AT  A = B; 


The  resource-pin  (set)  A is  connected  to  the 
test-point  (set)  B . If  A is  a set ( associateo  with 


the  resource  DSS)  then  H must  he  a set  of  the  same 
size.  The  connection  would  he  made  such  that  the 
pin  A of  resource  DSS:i:  would  be  connected  to 
test-Doint  Bsl:  for  i<=i<=n  , where  n Is  the 
number  of  components  in  the  resource  set  A and  the 
number  of  test-points  in  the  nln  set  B.  This 
statement  corresponds  to  the  following  diagram: 


DSS:  1 : A 
DSS : 2 : A 


o -o 


B:  l : 
B:2: 


DSS:n:  A o- 


B:n: 


2)  CONNECT  DSS  AT  A*(B,C.D); 


The  components  of  resource-pin  set  A are  connected  to  the 
components  of  test-point  set  B and  suo-set  C.D  In  order.  If 
A is  of  size  p,  B is  of  size  g,  and  C.D  is  of  size  r»  then 
g+r  must  equal  o.  Further,  the  first  component  of  A is  con- 
nected to  the  first  component  of  B and  the  Cg+l)th  component 
of  A is  connected  to  the  first  component  of  C.D. 


3)  CONNECT  DSS  AT  A=X,Y,Z; 


The  resource-oin  (set)  a is  fanned  out  to  all  of  X,Y,  and  7. 
If  A , x , Y , and  Z are  single  component  entities  then  the  mean- 
ing of  the  statement,  is  that  A is  fanned  out  to  X,Y,  and  Z. 
If  A , X , Y , and  Z are  sets,  they  must  all  be  of  the  same  size. 
Further,  each  component  of  A is  fanned  out  to  thp 
corresponding  components  of  X,  Y,  and  Z. 


For  the  case  where  A,X,Y,  and  Z are  sets, 
agram  describes  one  component: 


DSS:i:  A 


the  followina 

x:  l : 

Y:  i : 

Z : i : 


di- 


4)  CONNECT  DSS  AT  A= ( X , Y , Z ) , (P,Q) ,B=H 


If  resource  OSS  has  been  described  as  a 3 component  set  with 
each  component  havina  resource  pins  A and  R , this  statement 
directs  that  each  component  of  A is  fanned  out  to  two  places 
and  each  component  of  B is  connected  to  the  correspondina 
component  of  P.  The  first  component  of  A is  connected  to 
both  X and  the  first  component  of  P ( assuming  P is  a set  of 
size  2 and  0 is  a slnale  point).  The  third  component  of  a 
is  connected  to  both  Z and  Q. 


This  statement  corresponds  to  the  following  diagram; 


OSS: 1 : A o 


B o 


-0  X 
~o  P : 1 : 
o R: l : 


uss:?:  a o. 


B o- 


DSS:  3 : A o 


B O 


0 Y 
o P : 2 : 

— o R : 2 : 

— 0 Y 

-0  Q 
-o  R : 3 : 


Semantics 


Tne  source-conn  (and  sensor-conn)  construction  describes  the 
connection  of  resource  Pins  to  test -points.  It  permits  the 
description  of  resource  pins  fanned  out  to  a number  of  test 
points.  It  further  allows  the  description  of  the  connection 
of  sets  of  resource  oins  to  individual  test  points  or  sets 
of  test  points. 


N.B.  When  resource  sets  are  described  in  the  REQUIRE  state- 
ment there  is  an  implicit  definition  of  one  or  more  connec- 
tion sets.  In  the  following  statement: 

REQUIRE  A DC  VOLTAGE  SOURCE  SET(20)  CNX  X Y ; 

we  nave  implicitly  declared  connection  sets  X and  Y each 
having  20  oins.  The  need  to  reference  them  without  the 
eguivalent  resource  does  not  arise  but  the  programmer  must 
be  aware  that  they  exist. 


I 
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IX.  CHANGE  STATEMENT 


This  statement  is  used  to  cause  a SDecified  resource  charac- 
teristic to  be  changed. 


1 . Syntax 


change-stmt 


f label:!  change-arouD  ; 


chame-grouo 


CHANGE  noun  modifier  change-structure,... 


change-structure::= 


J change-clause 

[for-ciause  [at-ratell  , (change-str ucture , . . . 1 


at-rate 


rate-clause 


faf ter-cl ause J 


OF  resource-ref  TO  value  Ifor-time) 


AT-RATE  rate-clause 


f /at-it\ 


rate-value 


eg 


( 


rate-value  TO  rate-value 


rate-value 


exoression 


after-clause 


AFTER— DELAY  time-clause 


y 

\ 

t 

[ 

K ! 


f or-t i me 


time-clause 


• a • 


• • • 


FOP.TIMF  time-clause 


gt-lt^  time-interval 
l ea 

time-interval  TO  time-interval 


i i 


resource-ref 


name.  . . . [ scomponent-select or : 1 


2h 


component -se  lector 


integer-constant 


Constraints 


The  named  modifier  must  have  been  associated  Kith  the 
resource  in  a REQUIRE  statement.  If  more  than  a sirqle 
resource  is  referenced  in  the  Iterative  or  recursive  struc- 
tures, they  must  all  he  components  of  the  same  top-level  set 
of  resources.  If  the  at-rate  clause  is  utilized  , the  rate 
modifier  must  have  appeared  as  a modifier  in  the  REQUIRE 
statement.  If  the  after-clause  is  utilized,  a correspond- 
ing after-clause  must  have  appeared  in  the  PEQU1 PF  state- 
ment. If  the  for-time  clause  is  utilized,  it  must  have  also 
appeared  as  a modifier  in  the  REQUIRK  statement. 


Examples 


1 ) 

CHANGE 

AC 

VOLTAGE 

2) 

CHANGE 

DC 

VOLTAGE 

3) 

CHANGE 

DC 

VOLTAGE 

4) 

CHANGE 

DC 

VOLTAGE 

DF  ACS  TO  8 VOLT; 

OF  DCS  1 TO  4 VOLT  FOR_TIME=2  SEC? 

(OF  DCS1  TO  4 VOLT, 

OF  DCS1  TO  0 VOLT  AFTER_DELAY=2  SEC) 
FOR  1 = 1 TO  8 AT  RATE*10  MHZ 

(OF  DC  SI  TO  4 VOLT  FOP_TIME=l  MSEC) 


An  analysis  of  the  examples  follows: 


1)  Assuming  the  current  value  of  ACS  were  0 volt,  it 
is  chanqed  to  8 volts  for  an  indefinite  period. 

2)  Assuming  the  current  value  of  DCS  were  0 volt,  it 
is  changed  to  a value  of  4 volts  for  a period  of  2 
seconds  and  then  returns  to  the  value  of  0 volt. 
It  should  be  understood  that  the  action  following 
that  statement  will  occur  concurrently  with  the 
change . 

3)  Assuming  the  current  value  of  TCS  were  0 volt,  it. 
is  changed  to  a value  of  4 volts  and  program  execu- 
tion is  suspended  for  a period  of  2 seconds,  after 
which  the  value  is  returned  to  0 volt.  Unlike  ex- 
ample 2 the  action  following  the  statement  does  not 


occur  until  after  top  value  of  DCS  has  returned  to 
0 volt. 

4)  Assuming  the  current  value  of  DCS  were  0 volt,  this 
statement  produces  a ourst  of  8 pulses  of  amplitude 
4 volts,  a oulse-width  of  1 usee,  and  a pulse- 
repetition  rate  of  10  KHZ. 


Semant i cs 


Tne  value  of  the  changed  characteristic  is  chanaed  as  speci- 
fied by  the  change-clause(s).  If  the  for-tlme  clause  is 
utilized,  the  change  occurs  for  the  duration  of  the  speci- 
fied time  after  which  the  characteristic  returns  to  the  ori- 
ginal value.  rt  should  be  noted  that  the  action  following 
such  usage  occurs  concurrently,  or  as  nearly  so  as  the  sys- 
tem will  allow.  if  the  after-clause  is  utilized,  it  refers 
to  the  preceding  clause  and  implies  a delay  from  the  CHANGE 
command  or,  if  the  resource  reference  is  a sub-set  then  the 
delav  is  from  the  CHANGE  of  the  next  outermost  set  (or  sub- 
set). Tf  tne  for-clause  is  utilized,  the  following  arouo  is 
iterated  as  snecified  at  either  a rate  controlled  bv  the 
rate-clause  or  of  an  unspecified  rate.  If  unspecified,  the 
rate  is  assumed  to  be  as  fast  as  the  system  will  allow. 


A RE AO  statement  causes  a sinale  or  multiple  read  of  UUT 
coaracter 1st lcs  and  the  storage  of  the  results. 

Syntax 


read-stmt.  [label:!  read-group  ; 

read-qrouD  READ f noun  real-modifier  IN  unit [accuracy! I] 

strlna-modlf  ler 

v 

read-structure 

read-structure  ::= 

[for-clause  (at-ratel! 

[af ter-clause! 

read-clause  USING  resource-ref  INTO  location 


read-clause 

(read-structure,...! 


at-rate 


AT-RATE  rate-clause 


rate-clause 


/ot-ity 


rate-value 


l eq 


rate-value  TO  rate-value 


after-clause 


AFTER_DELAY 


eq 


,t} 


qt-1 t\  time-interval 


time-interval  TO  tlme-lntervalj j 


rate-value 


expression 


time-interval 


expression 


Constraints 


?. 


The  named  noun  and  modifier,  if  used,  must  be  the  same  as 
those  in  the  REQUIRE  statement.  If  more  than  a single 
resource  is  referenced  in  the  iterative  or  recursive  struc- 
ture, they  must  all  be  components  of  the  same  base  set.  If 
the  at-rate  clause  is  utilized,  the  data-rate  modifier  must 
have  appeared  as  a modifier  in  the  REQUIRE  statement.  If 
the  after-clause  is  utilized,  that  clause  must  have  appeared 
within  the  resource  set  definition. 


3.  Examples 


1 ) 

READ 

AC 

VOLTAGE 

IN 

M* VOLT  USING  MVA-1  INTO  V]  ; 

2) 

READ 

DC 

VOLTAGE 

IN 

VOLT  (USING  DVM  INTO  VI , 

USING  DVM  INTO  V 2 ) 

AFTER-DELAY  = 100  M*SK.C 

3) 

RF  A D 

DC 

VOLTAGE 

IN 

VOLT 

FOR  1st 

TO 

10  AT-PATF.  = 1 MHZ 

( US TNG  p V*  I\TO  V( I) ) 


4)  READ  DC-LOGIC  STATE 

FOR  Isl  TO  9 AT-RATE  = 10  MHZ 

USING  DSSR.S  INTO  PW:t:  ; 


t xplanatlons 


1)  Read  the  value  measured  by  the  resource  MVA-i; 
scale  the  value  into  volts,  if  necessary,  and 
store  the  result  in  location  VI. 


2)  Read  the  value  measured  by  the  resource  MVA-l; 
scale  the  value  into  volts,  if  necessary,  and 
store  the  result  in  location  Vi.  After  a delay  of 
100  milliseconds  repeat  the  operations  but  store 
tne  result  in  V2. 
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3)  Head  the  value  measured  by  the  resource  DVM ; scale 
the  value  into  volts#  if  necessary#  and  store  the 
result  in  the  elements  (1  through  10)  of  the  array 
V.  The  10  readings  shall  be  made  at  a rate  of  1 
kilohertz. 


4)  The  digital  logic  sensor  DSSR.S  will  read  an  8-bit 
serial  data  item  at  a bit  rate  of  10  kilohertz  and 
store  the  result  into  the  blt-strina  data  word  R'w 
such  that  the  first  bit  received  becomes  bit  1 of 
the  word,  (i.e.,  most  significant  bit  first). 


4.  Semantics 


Tne  current  value(s)  being  sensed  by  the  named  resource  is 
recorded,  scaled  into  the  specified  units,  it  necessary,  and 
stored  in  the  specified  location. 


XI 


RUN  Statement 


The  RUN  statement  provides  a means  of  concatenating  a simple 
or  compound  change-structure  with  a simple  or  compound  read 
structure. 

1.  Syntax 

run-stmt  [label:]  RUN  run-structure  ; 

i 

run-structure  (for-clause,...  (at-ratel) 

chanae-read-group 


ii  i 

|1.  ' 

1 


i 

i 


chanae-r ead- group 

for-clause  : 

variable  : 

list  : 

Iterator  : 

change-arouo  : 

change-structure 


cnanoe-c  lause 


(change-group)  fread-grouo) 


j FUR  variable  = list 
FOR  variable  = iterator,.. 
( FOR  expression 


name 


expression 


expression  (HY  expression!  TO  expression 


CHANGE  noun  modifier  change-structure , . . . 


J chanqe-clause 

(for-clause  (at-rate]]  j (change-structure 


"••J: 


(af ter-clausel 

OF  resource-ref  TO  value  [for-time] 
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resource-ref 


• • 2 


name 


. . . [ : component -select or s ] 


component-selector  = integer-constant 


read-qrouo 


READ ("noun  Jreal-modif  ier  IN  unit  (accuracy)1, 
L | string-modifier 


read-structure 


read-st ructure 


[for-clause  Cat-rate)] 


read-clause 

(read-structure,...) 


2.  Constraints 


(after-clause) 


read-clause 


USING  resource-ret  into  location 


at-rate 


AT-RATK  rate-clause 


rate-c lause 


fgt-lt\  rate-value  : 
rate-value  TO  rate-value 


af  ter-c  lause  : : = 


rate-va  1 ue 


/ q t - 1 1~\  time-interval 
AFTF.P_DEL.AY  \ eq  / 

[time-interval  TO  time-interval 


expression 


time-interval  :: 


expression 


If  the  Initial  and  final  expression  of  a for-clause  is 
iterated,  the  implication  is  that  the  data  mav  he  segmented 
for  eacn  iteration  aroup.  The  data  rate  for  each  seqment  is 
guaranteed  to  be  that  specified,  but  ar  indeterminate  time 


may  exist  between  the  transmission  of  segments.  This  facil- 
ity permits  the  programmer  who  has  knowledge  of  the  UUT  to 
show  how  the  data  may  be  segmented  by  the  compiler.  If  such 
iterations  are  employed,  the  BUFFER.SIZE  modifier  must  have 
been  used  with  the  resource  REQUIRE  statement. 


3.  Examples 


1 ) RUN 


(CHANGE  DC  VOLTAGE  OF  DCS  TO  10  VOLT) 
(READ  DC  VOLTAGE  IN  VOLT 

FOR  1=1  TO  10  AT_R ATE= 1 00  HZ 

(USING  DV*  INTO  V(I))) 


2)  RIJN  FOP  1 = 1 TO  100  AT_R ATE  = 1 M*HZ 

(CHANGE  AC_L0GIC  STATE  (OF  DSSD.D  TO  SV(J), 

OF  DSSD.K  TO  HI 

FOR  100  N*SFC 
AFTFR_.DF.LA  Y = ?0 ) N*SF.C 

) 

(READ  DC-.LOG JC  STATE  USING  DSSP.D  INTO  PV(I) 

AFTEP_Dtl.AY  200  N*SFC 

) 


change  DSSD.D  -1 


(stimulus  data) 


change  DSSD.K 


( c lock ) 


read  DSSR.D 


■ 

' 


(response  strobe) 


~r  r i — p-  , — r-  t i ( \ 

t<- 


time  - N * SFC 
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H 


Analysis  of  Examples 


\ - 


\ 

■ 


i 


1)  Assuming  the  resource  DCS  had  been  applied  at  0 
volts,  a transient  response  is  being  read.  The 
forcing  function  is  a 10  volt  edge  and  10  samples 
are  being  obtained  at  intervals  of  10  milliseconds 
and  stored  in  elements  1 through  10  of  the  array 
V.  The  first  samDle  is  taken  concurrently  with 
the  forcing  function  transition. 


2)  A simple  NRZ  parallel  digital  test  is  being  per- 
formed. There  are  100  stimulus  patterns  obtained 
from  the  bitstring  array  Stf.  The  stimulus  loaic 
type  is  on  AC  signal,  i.e.,  probably  an  fsk  sig- 
nal. To  ensure  settling  of  the  stimulus  drivers, 
the  clock  (DSS.K)  is  delayed  by  20  nanoseconds. 
Tne  clock  pulse  width  is  100  nanoseconds.  The 
sensor  (DSSR.D)  is  DC  logic  and  reads  the  response 
oattern  after  a delay  of  200  nanoseconds  from  the 
issuance  of  the  stimulus  pattern.  The  stimulus- 
clock-response  seguence  is  reiterated  with  a 
period  of  1 microsecond. 


4.  Semantics 


The  PUN  statement  is  the  vehicle  to  link  a change  group  re- 
ferencino  a source  resource  (set)  to  a read  group  referenc- 
ing a sensor  resource  (set).  it  permits  precise  time  con- 
trol between  the  change  and  read  actions.  In  addition,  a 
single  level  iterative  capability  is  provided. 


IS 


Attachment  1 

Chanqe  Paqes  to  OPAL  Specification 


The  followinq  chanqe  Daqes  are  tceyed  to  the  naraoraph  or  appendix 
number  found  in  the  OPAL  Specification.  In  qeneral,  they 
represent  partial  chanoes  to  the  paraqraohs  identified. 


Appendix  A 


k 


Appendix  a - Flxampies  Using  tne  Ne#  OPAL  Dialtal  Test  Statements. 


Example  I - Parallel  Data  to  ESK  Signal  Converter. 


Eioure  1 - Parallel  Data  to  FSK  Signal  Converter 

The  device  accepts  an  8 -bit  parrallel  dc-vo ltaae  logic  input  on 
pins  1 throuah  8.  Pin  9 is  a control  function  and  should  be  held 
in  a *i*  state  during  all  data  transmission.  Pin  10  is  the  input 
clock  line  and  requires  a change  from  '0'  to  a *1’  state  to  cap- 
ture the  data  on  the  input  lines.  Pin  11  is  the  output  clock 
line  and  must  complete  10  cycles  at  a rate  of  100  KHZ  to  strobe 
the  data  out  in  a serial  fashion.  Ten  cycles  are  required  since 
the  device  supplies  a single  start  bit  and  a single  stop  bit. 
Pin  12  is  a reset  line  and  must  be  pulsed  from  a '0'  state  to  in- 
itialize the  controller.  Pin  13  is  the  ac-freouencv  serial  out- 
put. 

Pins  1 through  12  carry  dc-logic  where  a logic  *0'  is  represented 
by  0 volts,  and  logic  *1'  by  4.7  volts.  The  threshold  is  2.4 
volts.  ®t  the  output.  Pin  13  outputs  an  ac-looic  siqnal  where  a 
logic  '0'  is  represented  by  a frequency  of  0.98  vhz  and  a logic 
'1'  by  1.02  H HZ.  The  threshold  is  considered  to  be  1.00  VHZ.  In 
either  logic  state  the  voltage  level  is  approximately  4.2  volts 
rms . 


i 
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UUT  Specif ication: 

SPECIFY  UUT  SET 

(IN(DATA(8) ,CNTRL,CLK(I,0) ,PST) 

AS  DC-LOGIC  VOLTAGE  ACCEPTOR  *ITH 
VOLTAGE.O  < 2.4  VOIT, 

VOLTAGE-1  >=  2.4  VOLT 
OUT  AS  AC. LOGIC  FREQUENCY  EMITTER  WITH 
VOLTAGE  = 4.7  VOLT, 

FREQUENCY— 0 = 0.98  M*HZ, 

FPEQUENC  Y_ 1 = 1.02  M*HZ 

) ; 

Stimulus  Requirements: 

REQUIRE  DIGSTIM  DC-LOGIC  VOLTAGE  SOURCE  SET 
( CNTRL  WITH  CAPABILITY 

DATA— W I DTH  = 20+5+5+5+1 00+20  U*SEC, 
DATA-PATE  = 5 K*HZ 
D ATA ( 8 ) AFTER-DELAY  = 20  U*SEC 
WITH  CAPABILITY 
DATA-WIDTH  = 5+5+5+100  U*SEC, 

DATA-RATE  = 5 K*HZ, 

BUFFER-SIZE  = 256, 

CLOCK ( IN  WITH  CAPABILITY 

DATA-RATE  = 5 K*HZ, 

OUT  AFTER-DELAY  =5+5  U*SEC 
WITH  CAPABILITY 

DATA-PATE  = 100  K*HZ 
) AFTER-DELAY  = 20+5  U*SFC 
WITH  CAPABILITY 

DATA-WIDTH  = 5 U*SEC 
RST  WITH  CAPABILITY 

DATA-WIDTH  = 10  U*SEC 
) WITH  CAPABILITY 

VOLT  AGE— 0 = 0 VOLT, 

VOLTAGE-1  = 4.7  VOLT 
CNX  S = TPU  ; 

note:  Notice  the  recursive  definition  of  the  DIGSTIM  resource 

set  and  the  semantics  of  the  after -clause.  The  subset 
DIGSTIM. CLOCK  is  delayed,  with  respect  to  the  set  DIGSTIM,  by  25 
usee  (20+5).  The  subset  DIGSTIM. CLOCK. OUT  is  delayed,  with 
respect  to  the  subset  DIGSTIM. CLOCK , by  10  usee  (5+5),  thus,  the 
total  delay  of  DIGST I M .CLOCK .OUT  with  respect  to  the  set  DIGSTIM, 
is  15  usee  (25+10)  in  accordance  with  the  timino  dlaaram. 


Response  Requirements 
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REQUIRE  DJGPESP  AC-LOGIC  EREOUENCY  SENSOR 

WITH  CAPABILITY 
FPFQUKNCY-0  < 1 M*HZ, 

FREQUENCY— 1 >=  1 M*HZ 
LIMIT 

VOLTAGE  > 5 VOLT 
C NX  R = HI; 

The  stimulus  data  array  is  defined  as  follows 

DECLARE  SriM-DATA  BITSTRTNG(R)  ARRAY  (256)  ; 

In  the  test  that  follows*  it  is  assumed  that  the  stimulus  data 
has  been  appropriately  initialized. 

The  response  data  array  Is  defined  as  follows; 

DECLARE  PESP  B I TSTR  I NG  ( STB  , D AT*>  ( fi  1 , SPB  ) ARRAY(?56); 

Note  that  the  substrings  STB  and  SPH  represent  the  start  and  stor 
bit,  resoect 1 ve 1 y . 

//CONNECT  AND  INITIALIZE  STIMULUS  SUB-SYSTEM  TO  UUT 
INTT:  APPLY  DIGSTIM  WITH 

VOLTAGE-0  = 0 VOLT, 

VOLTAGE-1  = 4.7  VOLT, 

STATE  s HEX  *0000' 

AT  S = (UUT.IN.CNTRL, 

UUT. IN. DATA, 

UUT. IN.CLK, 

UUT.  IN. PST)  ,* 

//APPLY  RESET  PULSE  OF  10  U*SF.C  TO  UUT 
RESET;  CHANGE  DC-LOGIC  STATE  OF  DIGST1M.RST  TO  BIN  '1'  FOP  10  U*SEC; 

//CONNECT  AND  INITIALIZE  SENSOR  SUB-SYSTEM  TO  UUT. 

INITIATE  DIGRESP  WITH 

FREQUENCY-0  < 1.0  M*HZ, 

FREQUENCY-1  >s  1.0  M*HZ, 

VOLTAGE  <5  5.0  VOLT 

AT 

R = UUT, OUT  ; 

//NOW  WE  ARE  READY  TO  TEST 

//ALL  75 b PATTERNS  WILL  BE  OUTPUT  CONTIGUOUSLY  WITHIN 
//THE  TIME  FRAMES  SPECIFIED  IN  FIG. 2. 


TEST;  PUN  FOR  I r 1 TO  AT  RATE"  = k*W7 
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(ChANCE  DC.LOGIC  STATE 

(OF  OIGSTIM.CUTPL  TO  BIN  '1'  FOP.TIME  = lbb  U*SEC, 

OF  DIGSTIM.DATA  TO  STI*«DATA ( I ) FORETIME  = 13b  U*SEC 

AFTEP_DELAY  s 20  U*SEC, 

(OF  DIGSTIM. CLOCK. IN  TO  BIN  '1*  FOP.TIME  s b U*SFC, 
(FOR  Js!  TO  10  AT_RATE  * 100  K*HZ 

OF  OIGSTIM. CLOCK. OUT  TO  BTN  *1'  FOR.TIMF  = b U*SFC 
) AFTER-DELAY  s 10  l)*SFC 

) AFTEP-DELAY  = 2b  IJ*SEC 
) 

) 

(READ  AC-LOCIC  STATE 

(FOR  K s 1 TO  10  AT-PATE  = 100  K*HZ 
USING  DIGPESP  INTO  PESP:K:(!) 

) AETEP-DELAY  = 37.5  U*SEC 

) ; 


I 

f . 

I 
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Example  2 - Digital  to  Analog  Converter 


The  device  is  a digital  to  analoq  converter.  The  digital  input 
is  on  lines  1 through  10  where  line  1 represents  the  most  signi- 
ficant bit.  The  logic  is  dc-voltage  where  1.8  volts  represents  a 
logic  *1*  and  -3.6  volts  represents  a logic  'O'.  The  analoq  out- 
put covers  the  range  0 to  10.27  volts  dc,  thus,  the  least  signi- 
ficant bit  represents  0.01  volts.  Line  11  is  a strobe  and  must 
be  held  in  a '1'  state  to  cause  the  digital  data  to  be  captured, 
response  time  from  the  apolicatlon  of  the  strobe  to  settling 
outout  is  100  usee.  In  addition  the  strobe  should 
with  respect  to  the  data,  by  10  usee  for  reliable 


The 

of  the  analoa 
be  delayed, 
data  capture. 


DATA. IN 


STR0BF. 


ANALOG 

OUTPUT 


Figure  1 - Digital  to  Analog  Converter 
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Fiqure  2 shows  the  timinq  relationships  between  the  slqnals. 


From  the  information  contained  in  the  description  and  timinq  re- 
quirements the  folio wlnq  OPAL  statements  can  be  derived. 

UUT  Specification: 

SPECIF*  D_ A SET 

(DIGt TAL(DATA( 10) ,STROBF) 

AS  DC  ..LOGIC  VOLTAGE  ACCEPTOR  WITH 
VOLTAGE— 0 > -0.9  VOLT, 

VOLTAGE-1  <=  -0.9  VOLT 


ANALOG  (2) 

AS  DC  VOLTAGE  EMITTER  WITH 
vm.Ticr  = n uni  t to  in  k unir 
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) ; 

Diaital  Requirements: 

RFQUIRE  DIGSTTM  DC.LOGIC  VOLTAGE  SOURCE  SET 

( DATA ( 10)  AFTFP.DFLAY  = 10  U*SEC, 

STRODE) 

WITH  CAPABILITY 
VOLTAGE.O  = -3.6  VOLT, 

VOLTAGE- \ = 1.8  VOLT 
CNX  D = TPU: 

Analoa  Requirements: 

RFOUIRE  A DC  VOLTAGE  SENSOR 
WITH  CAPABILITY 

VOLTAGE  = 0 VOLT  TO  10.5  VOLT  ♦-  0.01  VOLT 
CNX  A = HI,  B = LO; 

The  stimulus  data  (VS)  will  be  computed  from  a floatinq  Point 
value  (V)  thus: 

DECLARE  V REAL: 

DECLARE  VS  BITSTRING  (10) 

The  conversion  will  be  effected  bv  the  followino  function: 

DFFINE  BIT.FLT(X)  RESULT  Y WHERE  X REAL; 

DECLARE  Y B 1 TSTP I NG( 1 0 ) ? 

DECLARE  I,  M INTEGER: 

SFT  M s FIX(X) 

REPFAT  FOR  1=1  10  10; 

IF  REM  (M,2)  = t THEN 

set  y: l o- t ♦ i :=bin  • i * : 

END  I B ; 

SET  •*  = INTDIV  ( M , 2 ) ; 

END  REPEAT; 

RFTURN ; 

END  DEFINE  BIT.FLT; 

//  CONNECT  AND  INITIALIZE  STIMULUS  SUBSYSTEM  TO  UUT. 

I N I T : APPLY  DIGSTIM  WITH 

VOLTAGE. 0 * -3.6  VOLT, 

VOLTAGE. 1 = 1.8  VOLT, 

STATE  = BIN  *00000000000* 

AT  D = D. A. DIGITAL;' 

//  CONNECT  AND  INITIALIZE  SENSOR  SUH.SYSTEM  TO  UUT 
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INITIATE  A WITH 

VOLTAGE  s 0 VOLT  TO  10.5  VOLT 

AT  A s D_A.ANALOG:l: , B*D_A . ANALOG S 2 S ! 

//  NOW  LETS  GO 

REPEAT  FOR  V r 0 BY  0.01  TO  10.27; 

SET  VS  = BIT_FLT(100*V); 

PUN 

(CHANGE  DC-LOGIC  STATE 

(OF  DIGSTIM.DATA  TO  VS, 

OF  DIGSTIM. STROBE  TO  BIN  '1»  AFTER  10  U*SEC 

) 

) 

( READ  DC  VOLTAGE  IN  VOLT 

USING  A INTO  VM  AFTER  110  U*SEC 

) ; 

CHANGE  DC-LOGIC  STATE  OE  DIGSTIM . STROBE  TO  BIN  *0*; 

IF  ABS( VALUE— OF( VM)-V)  > 0.01  THEM  GO-TO  ERR; 

END  IF  ; 

END  REPEAT  ; 

//  IF  CONTROL  ARRIVES  HERE  ALL  IS  WELL. 


• • • • 

//  IF  CONTROL  ARRIVES  HERE  THE  TEST  DID  FAIL. 
ERR!  . . . 
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F.'xampie  3 - Fault  Isolation 


The  following  program  assumes  a UUT  with  32  input  pins  and 
64  outout  pins.  The  actual  digital  test  data  is  stored  on  an 
external  device  in  the  following  format: 


nnnnn  (number  of  test  patterns) 

nnnnn  (number  of  possible  faults) 

nnnnn  (number  of  fault  patterns  in  dictionary) 
bbbbbbbb(32  bits  of  0,1,  or  X)  bbbbb  input  pattern 
bbbbbbbb  (64  bits  of  0,1,  or  X)  bbbbb  output  pattern 


---  the  above  pair  repeats  for  the  indicated  number  of  tests  --- 


ttttt  nnnnn  bbbbbbbbbbbbbbbbbbbbbbbbbbbbb 


•-  the  above  oattern  test  number,  fault  number,  and  fault  pattern 
■-  reoeats  for  the  indicated  number  of  fault  patterns 
■-  the  hit  pattern  for  the  fault  dictionary  is  also  in 
o,i,  and  X with  the  interpretation: 


0 = no  error  expected 

1 s error  expected 
X = ignore  this  pin 

The  basic  algorithm  is  tne  following: 


Apply  each  stimulus  and  read  the  response 

If  response  differs  from  the  expected  "good"  response  then 
save  the  error  vector  on  the  Intermediate  tape. 


At  end  of  test  if  there  were  any  errors  then 
Clear  fault  table  to  0's, 

Read  the  faults  off  the  input  dictionary  and 

For  each  bit  in  the  output  compare  and  tatce  the  action 
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diet  bit 

0 

1 
1 


act  resp  bit 
X 


modify  weight 

0 

♦ 3 

♦ 1 


At  end  locate  list  of  20  highest  valued  faults  and  print 


BEGIN  OPAL  PROGRAM  DIGTEST; 

DECLARE  IPAT  CHARSTRJNG  (64),  //  INPUT  STRING  FOR  CONVERSION 

STIMVEC  BITSTRING  (32),  //  STIMULUS  VECTOR 

RESPVEC  BITSTRING  (64),  //  RESPONSE  VECTOR 

DONTCARE  BITSTPING  (64),  //  DONT  CARES  IN  RESPONSE 

F AULTVEC  BITSTPING  (64),  //  FAULT  VECTOR 

ZEPOVEC  BITSTRING  (64)  INITIAL 

BIN  '000000000000000000000000000000000000000000000000000000000000000* 

DECLARE  WEIGHT  INTEGER  ARR AY  ( 4000  ) ,' 

DECLARE  I,  //  LOCAL  TEMPORARY 

J,  //  ANOTHER  LOCAL  TEMPORARY 

LTFR , //  LAST  TEMP  FAULT  READ 

TEST,  //  CURRENT  TEST  NUMBER 

NPATS,  //  NUMBER  OF  PATTERNS  OF  STIMULUS  ON  TAPE 
NERRVEC,  //  NUMBER  OF  ERROP  VECTORS  ON  TAPE 
L ASTFLTTEST ; //  LAST  FAULT  PATTEPN  ON  INTERMEDIATE  TAPE 

REQUIRE  INTAPE  D ATA_RASE  INPUT  OPEN— TO_PE AD ; //SOUPCF  OF  INPUT 
REQUIRE  PRINTER  HARD-COPY  OUTPUT  OPE N_TO— WRITE; //FOR  LISTINGS 
REQUIRE  TF.MPFILF  TEST_RFCORD  I NPUT-OUTPUT : //SCRATCH  FTLE 


REOUIPE  STIM  DC— LOGIC  VOLTAGE  SOURCE  SE(32) 

WITH  CAPABILITY  VOLTAGE-1  = 4.7  VOLT, 
VOLTAGE-O  =0.3  VOLT 

CNX  SOf 

REQUIRE  RESP  DC-LOGIC  VOLTAGE  SENSOR  SETI64) 

WITH  CAPABILITY  VOLTAGE-1  > 2.5  VOLT, 
VOLTAGE-O  <=  2.5  VOLT 
LIMIT  VOLTAGE  < 5.0  VOLT: 

CNX  SI: 

SPECIFY  UUTO  SET ( 64 ) AS  DC-LOGIC  VOLTAGE  EMITTER: 
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SPECIFY  UUTI  SET ( 32 ) AS  DC-LOGIC  VOLTAGF  ACCEPTOR; 

//  ACTUAL  PROGRAM  STARTS  HERE 

TOP: 


SET  LAS  TFLTTEST  = 0? 

OUTPUT  USING  PRINTER  FORMAT 

'INSERT  UUT  AND  PRES  GOiL(l)'? 


DELAY  UNTIL  MANUAL-INTERVENTION; 

INPUT  NPATS,NFAULTS,NFRPVEC  USING  I NTAPF  FORMAT 

IF  NFAULTS>4000  THEN 

OUTPUT  USING  PRINTER  FORMAT  'TOO  MANY  FAULTS  1 L C 1 )' ; 

DELAY  UNTIL  MANUAL-INTERVENTION; 

GOTO  TOP; 

END  IF; 

CONNECT  STIM  AT  SO  = UUTI; 

CONNECT  RESP  AT  SI  = UUTO; 

REPEAT  FOR  TEST  * 1 TO  NPATS ; 

INPUT  IPAT  USING  INTAPE  FORMAT 

'MtMMMAMMttMMMIMlMtMM'Ld)'; 

SET  STIMVEC  = BIN(IPAT); 

INPUT  IPAT  USING  INTAPE  FORMAT 

SET  RESPVEC  = ZEROVEC;  SET  DONTCARE  * ZEROVEC; 

REPEAT  FOR  I a 1 TO  64; 

IF  IPATJl:  s '1'  THFN  SET  , RESPVEC  ! I J * BIN  1* ; END  IF; 

IF  IPATtl!  = 'X'  THEM  SET  DONTCARE : I ! aeiNl’;  FND  IF; 

END  REPEAT; 

CHANGE  LOGIC  STATE  OF  STIM  TO  STIMVEC; 

READ  LOGIC  STATE  USING  RESP  INTO  PFSPVEC; 

SET  RESPVEC  = RESPVEC  AND  NOT  DONTCARF; 

IF  RESPVEC  NOT  = ZEROVFC  THEN 
OUTPUT  TEST, RESPVEC 

USING  TEMPFILE  FORMAT  '(5)*  (64)I!L(1)'; 

(Note!  Notice  how  much  repetions  inside  of  formats  help!  ) 

SET  LASTFL  TTFST  s TEST; 

FND  IF; 

F.ND  REPFAT; 

//  ALL  OF  THE  INPUTS  HAVE  BEEN  READ  AND  APPLIED.  WAS  THE  UNIT  ANY  GOOD? 

DISCONNECT  STIM;  DISCONNECT  RESP; 

IF  LAS  TFLTTEST  = 0 THEN  //UNIT  WAS  OK 
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OUTPUT  USING  PRINTER  FORMAT  'UNIT  PASSFD  TFST ! L ( 1 ) * ; 
GOTO  TOP; 

END  IF; 

OUTPUT  USING  PRINTER 

FORMAT  'UNIT  FAILED,  ANALYSIS  STARTING! LC  I ) ' 
PFPEAT  FOR  1 s 1 TO  NF AULTS ; 

SET  WEIGHT  II]  = 0; 

END  REPEAT; 

OUTPUT  USING  TEMPFILE  FORMAT  REWIND; 

SET  I.TFR  = 0; 

REPEAT  FOR  I = 1 TO  NEPRVFC; 

INPUT  FAULT,  IPAT  USING  INTAPE  FORMAT  *(5)i  (64)«!I(1) 
SET  FAULTVFC  = BIN(IPAT); 

IF  I<=LASTFLTTFST  THEN 
REPEAT  WHILE  LTFR<  1 ; 

INPUT  LTFP , IPAT  USING  TEMPFILE 

FORMAT  '(5)#  (64)«!L(l)'; 

SET  ERPVEC  = BIN(IPAT); 

END  REPEAT; 

ELSE  SET  ERR VEC  = 0; 

END  IF; 

//  NOW  SCAN  ALL  THE  BITS 

REPEAT  FOR  J = 1 TO  64; 

IF  FAULTVECJI:  = BIN  T THEN 
IF  ERRVEC: I:  = ’1'  THEN 

SET  WEIGHT  t FAULT  J s WEIGHT [FAULT]  ♦ 1; 

ELSE 

SET  WEIGHT [FAULT]  = WEIGHT [ FAULT]  ♦ 3; 

END  TF; 

END  IF; 

END  REPEAT; 

END  REPEAT; 

INPUT  USING  INTAPE  FORMAT  REWIND; 

OUTPUT  USING  TEMPFILE  FORMAT  REWIND; 

//  WEIGHT  TAHLE  NOW  BUILT,  FIND  20  BIGGEST  WEIGHTS 

SET  BIGWEIGHTS [ 1 1 = 9R99; 

REPEAT  FOR  I = 2 TO  21; 

SET  BIGWEIGHTS  C I ] = 0; 

SET  BIGF AULT [II  = 0; 

END  RFPEAT ; 

REPEAT  FOR  I r l TO  NF A ULTS ; 

REPEAT  FOP  J s 21  TO  1 WHILE  WEIGHT  ID >RIGWEIGHT [J1 ; 
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SET  B1GWEIGHT [J+l ] = BIGMEIGHT [ J]  ; 

SET  BIGFAULTCJ+1 ] = B IGFAULT { J 1 ; 

END  REPEAT; 

SET  BIG'WEIGHTt  J+l ) a WEIGHT 1 1 J ? 

SET  BIGFAULTS [J+l 1 a I; 

END  repeat; 

OUTPUT  USING  PRINTER  FORMAT 

' MOST  PROBABLE  F AIJLTS ! L (2  ) FAULT  WEIGHT! L ( 2 ; 
REPEAT  FOP  1 = 2 TO  21; 

OUTPUT  H IGFAULT [ I ) , BIGWEIGHTlIl  USING  PRINTER  FORMAT 
'#####  ##t##!L(l ) 

END  REPEAT? 

GOTO  TOP; 

END  OP  At,  PROGRAM  DIGTEST; 


tj 


5.2.4. 1  DECLARE  S TA  TEMFNT 


To  aid  in  examinina  and  setting  substrings,  the  foliowinq 
nomenclature  changes  are  recommended. 


5. 2. 4. 1.1  Syntax  (Changes) 


string-mode  ::= 


length-clause 


, charstringv,. 

'j  BITSTRING  J 


• ^ length-clause , . . . 


L 


f integer-constant 


[name  ((length-clause,...  ) ]J 


1 


5. 2. 4.1. 1  Examples 


1)  DECLARE  S RITSTRING(80)  S 

2)  DECLARE  S BITSTRTNG(L(  40)  ,R(80)  ) S 

3)  DECLARE  X CWARSTR ING  ( 6 , SZ  ( 1 0 ) , 4 , Q(  R , QZ  ( \ ) , 7 ) ) S 


Examples  1 and  2 both  declare  a bitstring  identifier  S of  HO 
bits.  However,  in  example  2,  the  string  is  constructed  from 
the  concatenation  of  the  substrings  L and  R,  each  consistim 
of  4h  nits.  Example  3 shows  a more  complex  structured  exam- 
ple. 


li 


5.?. 4. 3 REQUIRE  Statement 


A REQUIRE  statement  describes  a virtual  resource  needed  to 
conduct  a test  of  a UUT  and  assumed  to  be  available. 


5 . 2 . 4 . 3 . 1 . Syntax 
requlre-stmt  : := 


REQUIRE  resource-name,.. 


f test -resource  1 
< clock-resource  } 
! i/o-resource 


resource-name  := 


name 


test -resource 


noun  siq-modifier  /SOUPCf\  | 

\SENS 


< \SENSOR  / > test-resource-nesc 

[IMPEDANCE  Sia-modif  ier  LOAD  J 


test-resource-desc  ::=  l test-resource-structureJ  test-resource-spec 


[ CNX  req-conn] 


test-resour ce-soec  dlTH  Icontrol-limitation J [capability-limitation] 


[limit-limitation! 


control-limitation  CONTROL  req-1 imitation,  .. . 


capaoi  1 i ty-1  i mi  tat  ion  ::=  CAPAHi  i.n  y req-1  im  i tat  ion  , 


limit-limitation  ::=  LIMIT  req-limitation, . . . 


fsig-limitation 
) test-limitatior 


req-limitation  ::=  'test-limitation 

\ thru-limitation 


s iq-1 imi tat  ion  ::=  sig-modifier  req-mod-desc 


test-limitation  test-modifier  req-mod-desc 


thru-limitation  = thru-modifier  req-mod-desc 


, 


req-mod-desc 


; req-mod-value  ' 

" req-mod-ranqe  ( 


req-mod-value 


J numer leal-constant ,... [accuracy]  ^ 
{numerical-constant  accuracy),...'" 


r ea-mod-r anae 


<(gt-lt  numeric-constant)  I 


qt- 1 1 


<eo  numeric-constant  TO  numeric-constant 


[ B¥  numeric -constant]]] [accuracy] 


r eq-conn 


(pin-descriptor  = resource-pin],... 


test-resource-structure  ::=  SET  ( se t-c lause , . . . ) 


set-clause 


, inteqer-constant  laf ter-clause] 

s:  resource-name  ((set-clause,...)]  ' 


f test-resource-spec J (CNX  req-conn] 


after-clause 


AFTFR-DELA Y time-clause 


time-clause 


gt-lt  . time-interval 
eg 


time-interval  TO  time-interval 


s io-modl f ier 


name 


name (noun-suffix] 


modi f ier 


name [modifier-suffix] 


noun-sutfix 


-name 


modifier-suffix  :: 


-name 


5.2.4. 3.2.  Constraints 


REQUIRE  STATEMENT 


: 

' 


Pin  descriptors  and  modifiers  must  be  appropriate  to  the  in- 
dicated noun.  Resource-pins  and  resource-names  within  a 
single  set-clause  and  test-resource  must  be  unique. 


5.2.4. 3. 3.  Examples 


a)  REQUIRE  T2  TIME  INTERVAL  CLOCK; 

b)  REQUIRE  ACS  AC  VOLTAGE  SOURCE 
WITH  CONTROL  VDLTAGE=1  VOLT  TO  10  VOLT  BY  100  M*VOLT, 

FPEQS5U  HZ  TO  400  HZ 
CAPABILITY  CURRENTS  AMP 
LIMIT  CURRENTS?  AMP 
CNX  H I = A , L0  = B; 

REQUIRE  AC V M A C VOLTAGE  SENSOR 

WITH  CAPABILITY  V0LTAGE<=450  VOIT, 

FPEQ=50  HZ  TO  440  H7 
CNX  HI  = A,  LP  = H,  LO=G; 

REQUIRE  LO  LOAD  IVPEPANCE 

wITH  CAPABILITY  I V PED ANCE  = 1 000  OHM 
LIMIT  CURRENT-TPMS=1  AMP 

CNX  P 1 =H  I , P2  = LO ; 

e ) REQUIRE  PSSf)  UC-LOGIC  SOURCE  SET 

( TTL ( 8 ) WITH  CONTROL  VOLT AGE-l =4 . 7 VOLT, 

VOLTAGE-OsO  VOLT 
CAPABILITY  CURRENT=100  M * A M P , 

SliL  ( 4 ) WITH  CONTROL  VOLT  AGE-1  = -1.2  VOLT  , 

VOLT  AGE— 0 = 5 . 8 VOLT 
) WITH  LIMIT  PISE-TIME  < 100  N*SEC 
CNX  TPU=D,  COMP=G; 


1 ^ 
i 

I 

. d ) 

I 

i 


5.4.  3.  3.4. 


Semantics 


These  semantics  define  only  the  structural  concepts  (i.e.. 
Sets)  for  which  this  oraanization  is  responsible.  The 
remainder  of  the  statement  semantics  must  De  appended. 

A slnqle  identifier  C resource-name ) may  refer  to  a set  of 
identical  or  similar  resources.  Any  action  referencina  such 
an  identifier  implies  that  the  action  to  each  component  of 
the  set  is  to  be  performed  concurrently.  The  number  of  coif* 
oonents  within  the  set  is  defined  by  the  sum  of  the 
inteqer-constants  which  appear  within  the  construct.  Fully 
partitioned  subsetting  of  contiguous  groups  of  components, 
with  or  without  names,  may  be  specified  by  the  recursive  na- 
ture of  the  set-clause  construct. 


Test  resource  soec 1 f teat i ons  (test-resource-spec)  and  con- 
nections (CNX  req-conn)  are  local  to  the  scope  in  which  they 
are  defined  and  global  to  any  subsets  within  that  structure 

.mwumlIM  a — **** 


BBSS-^UZSBS 


If  they  are  respecified  within  a lower  level  structure, 
that  respecification  becomes  valid  for  the  scope  in 
which  it  is  defined.  Of  course  this  rule  applies  re* 
cursively. 


The  following  example  shows  the  scoping: 


REQUIPE  A DC  VOLTAGE  SOURCE  SET 

(B(2)  , C ( 2 ) WITH  CONTROL  VOLTAGE*!  VOLT, 
D(E(2),F  WITH  CONTROL  VOLTAGE*2  VOLT) 
WITH  CONTROL  VOLTAGE*3  VOLT) 

) WITH  CONTROL  VOLTAGE*4  VOLT 

CAPABILITY  CURRENT* 1 A HP 
CNX  P=H I , 0*l.o; 


CoapanfeoX. 

1 

2 

3 

4 

5 

6 
7 


Subset 


F Voltaqe* 
2 Volt 


Subset 

1 

B 

2 
1 
2 
1 
2 
3 


C Voltage* 
1 Volt 


D Voltage* 
3 volt 


base 

1 

2 

3 

4 

5 

6 
7 


A Voltaae: 
4 Volt 
CNX  P,0 


Thus : 


a)  Each  resource  component  has  two  Dins;  P and  0. 

b)  Components  1 through  2 of  set  A (subset  B)  nave 

voltage=4  volt  as  globally  defined. 

c)  Components  3 throuah  4 of  set  A (subset  C)  have 

voltage=l  volt  as  locally  defined  at  the  C level, 

d)  Components  5 throuqh  7 of  set  A (subset  D)  ha'/e  a 
voltage*3  volt  specification,  however  only  the  com- 
ponents 5 throuqh  6 of  set  A (l  throuqh  2 of  subset 
D,  suDset  E)  have  that  specification  since  com- 
ponent 7 of  set  A (component  2 of  subset  0,  sunset 
F)  has  the  voltaqe  respecifled  as  voltaqe*2  volt. 

e)  Each  resource  component  has  a current  capability  of 
t amp. 


I The  after-clause  serves  to  define  a time  delay  between  the 

J * c hanot.' — — And  thf 


example  shows  a definition  and  usage  with  the  CHANGE  state* 
ment . 

pequire  DSSD  DC-LOGIC  source  set 

(DATA (10),  CLK  AFTER  DELAY  10  H*SEC  TO  100  N*SF.C) 
WITH  ------------- 

CN  K --; 


CHANGE  STATE  OF  DSSD. DATA  TO  SV.DATA, 

DSSD. CLK  TO  BIN  '1' 

AFTER-DELAY  = 50  N*SEC  7 


When  the  CHANGE  statement  is  executed,  the  above  statements 
cause  resource  set  DSSD. DATA  to  change  value  to  SV.DATA  at 
the  time  of  'change'  command  (or  t-zero  ).  The  resource 
DSSD. CLK  is  changed  to  the  value  of  BIN  *1'  after  a delay  of 
50  nanoseconds  from  the  time  of  the  'change'  command  (or  t- 
zero>50 ) . 


5. 2. 4. 4 SPECIFY  STATEMENT 


n 


A SPECIFY  statement  describes  an  actual  test-point  on  a UUT, 
and  the  constraints.  If  anv,  to  be  imposed  on  that  point. 


5. 2. 4. 4.1  Syntax 

SDeclfv-stmt  SPECIFY  test-place,... 


J llnkaqe  restrict lonsl : 
\ shape  [ 


1 inKaqe 

e • — 
• • •“ 

LINKED  connection,... 

V 

connection 

oin-descriPtor  = test-point 

r 

t. 

y 

oin-descriPtor 

: : = 

name 

test-ooint 

• • 2 
• • • 

name 

t 

shaoe 

: : = 

SET  (shape-clause) 

shape-clause 

• • 2 
e • • 

finteqer-constant 

*> 

i [restrictions!  ; 

test-point  [(shape-clause,...)! 


restrictions  AS  1 resource-name  emittfp 


sneci f v-srec I 


noun  modifier,'  .ACCEPTOR, 


I 


OPAS. . . 


soec i f v-soec 
limitation 


with  limitation,... 
modifier  [modif ier-valuel , . . . 


ATT  8 


est-point • — (Jshape-clause 


— 


numeric -const ant 


numeric-constant  Tn  numeric-constant 
numer ic-constant 


5. 2. 4. 4. 2  Constraints 


If  a resource-name  is  Dart  of  a SPECIFY  statement,  it  shall 
have  been  previously  described  in  a REQUIRE  statement. 
Pin-descr iDtors  and  modifiers  must  be  appropriate  to  the  in- 
dicated noun.  Test-point  names  at  the  same  level  within  a 
shape-clause  must  be  distinct. 


modifier-value 

[<  ! 

J <= 

!>  ( 

< 

(1 

V 

(1 

! _ 

S.2.4.4.3  Examples 


1 ) 

SPECIFY 

UUT 

SET (100)  S 

2) 

SPECIFY 

UUT 

SET 

(DIGITAL(CLOCK(4),OATA(t6) , CONTROL ( 8 ) ) 
LOGIC  VOLT  AGE  ACCEPTOR  WITH 
VOLTAGE_0<2.2  VOLT, 
V0LTAGE.1 >-2 • 2 VOLT, 

ANALOG ( 2 ) 

DC  VOLTAGE  EMITTER  WITH 

V0LTAGE=0  VOLT  TO  10  VOLT); 


5. 2. 4. 4. 4  Semantics 


In  Example  1,  a UUT  is  modelled  as  a set  of  100  ordered  test 
points  any  of  which  may  be  referenced  by  subscr iptinq. 


In  Example  2,  the  UUT  is  structured  as  a set  of  30  test 
Doints  which  are  qrouoed  into  two  first  level  subsets  con- 
sisttna  of  DIGITAL  (28  test-oolnts)  and  ANALOG  (2  test- 
Doints).  The  ANALOG  subset  is  restricted  to  a DC  voltaqe 
emitter  with  a voltaqe  ranoe  of  o throuoh  10  volts.  The  DI- 
GITAL subset  is  restricted  to  a loqic  voltaqe  acceptor  with 
a vol taqe_0  represented  by  less  than  2.2  volts  ana  voltaae.l 
represented  by  greater  than  or  equal  to  2.2  volts.  The  sub- 
set DIGITAL  is  further  sunset  into  three  qroups;  CLOCK,  data 
and  CONTROL,  with  4,  16,  and  8 test-points,  respectively. 


READ  STATEMENT 


5.2.4.22  PE AD  Statement 


A READ  statement  causes  a single  or  multiple  read 
character  1st ics  and  the  storage  of  the  results. 


of  HUT 


5.2.4.22.1  Syntax 


: ; 


read-stmt 


read-group 


read-structure 


[label:]  read-group  ; 


READ  [noun  ./real-modifier  IN  unit  [accuracy) 
str  inq-modif ier 

read-structure 


j read-clause 

[for-clause  [at-rate]]  U read-s t ruct ure , . . . ) 


[after-clause! 


- 


read-clause 


at-rate 


rate-clause 


after-clause 


: : = 


USINC,  resource-ref  INTO  location 


AT-RATE  rate-clause 


jgt-lt,  rate-value 

leq 

rate-value  TO  rate-value 


J ^0 1 - 1 1\ 

AFTER-DELAY  < \eq  / 


time-interval 


\ 

L time-interval  TO  time-intervad 


rate-value 


• • S 

• • • 


expression 


time-interval 


expression 


5.2.4.22.2  Constraints 


The  named  noun  and  modifier.  If  used,  must  be  the  same  as 
those  in  the  REQUIRE  statement.  If  more  than  a single 
resource  is  referenced  in  the  iterative  or  recursive  struc- 
ture, they  must  all  be  components  of  the  same  base  set.  If 
the  at-rate  clause  Is  utilized,  the  data-rate  modifier  must 
have  appeared  as  a modifier  in  the  REQUIRE  statement.  If 
the  after-clause  is  utilized,  that  clause  must  have  appeared 

“ lthln  th>  rinuret  amt  dm*  1 nit  Inn. 


5.2.4.22.3  Examples 


1)  READ  AC  VOLTAGE  IN  M*VOLT  USING  MVA-1  INTO  VI  ; 


2)  READ  DC  VOLTAGE  IN  VOLT  (USING  DVM  INTO  VI, 

USING  DVM  INTO  V2) 

AFTER-DELAY  = 100  M*SEC  J 


3)  READ  DC  VOLTAGE  IN  VOLT 

FOR  1=1  TO  10  AT.RATE  = 1 MHZ 

(USING  DVM  INTO  V(I))  ; 


4)  READ  DC. LOGIC  STATE 

FOR  1 = 1 TO  8 AT.RATE  = 10  MHZ 

USING  DSSR.S  INTO  RW:I:  ; 


Explanations 


1)  Read  tne  value  measured  by  the  resource  mva-i; 
scale  the  value  into  volts.  If  necessary,  and 
store  the  result  in  location  VI. 


2)  Read  the  value  measured  by  the  resource  mva-1; 
scale  the  value  into  volts,  if  necessary,  and 
store  the  result  in  location  VI.  After  a delay  of 
100  milliseconds  repeat  the  operations  but  store 
the  result  in  V2. 


3)  Read  the  value  measured  by  the  resource  DVM;  scale 
the  value  into  volts,  if  necessary,  and  store  the 
result  in  the  elements  (1  through  10)  of  the  array 
V.  Tne  10  readinas  shall  be  made  at  a rate  of  1 
Kilohertz. 


4)  The  digital  loaic  sensor  DSSR.S  will  read  an  R-bit 
serial  data  item  at  a bit  rate  of  10  Kilohertz  and 
store  the  result  into  the  bit-string  data  word  RW 
such  that  the  first  bit  received  becomes  bit  1 of 
the  word,  (l.e.,  most  significant  bit  first). 


5.2.4.22.4  Semantics 


The  current  value(s)  being  sensed  by  the  named  resource  is 
recorded,  scaled  into  the  specified  units,  if  necessary,  and 
stored  in  the  specified  location. 


5.2.4.26  CHANGE  STATEMENT 


This  statement  is  used  to  cause  a specified  resource  charac- 
teristic to  oe  changed. 


5.2.4.26.1  Syntax 


| change-stmt.  ::  = f label:]  change-group  ; 


| change-group  CHANGE  noun  modifier  change-structure,.. 

I 
i 

i chanqe-structure : : = 

[for-clause  [at-ratej] 


[after-clause] 


, change-clause 
“^(change- st  ructure 


j change-clause 


at-rate 


i 

| 

rate-clause 


! rate-value 


OF  resource-ref  TO  value  [for-time] 
AT_P4TE  rate-clause 

/gt-ltl,  rate-value  I 

i 1 J > 

^rate-value  TO  rate-value  ; 

expression 


J 


after-clause  ::=  AFTFR_DFLAY  time-clause 


! for-time  ::  = FORETIME  time-clause 

i 

! 

1 r 

' j / gt-it  time-interval 

l time-clause  :s  = <,  leg 

( time-interval  TO  time-interval  „ 


resource-ref  : : = name.  . . . [ scomponent-selector : ] 
I component-selector  = integer-constant 


5.2.4.26.2  Constraints 


j The  named  modifier  must  have  been  associated  with  the 
resource  in  a REQUIRE  statement.  If  more  than  a single 

resource  is referenced  in  the  iterative  or  recursive  struc- 


1 


tures,  they  must  all  be  components  of  the  same  top-level  set 
of  resources.  If  the  at-rate  clause  Is  utilized  , the  rate 
modifier  must  have  aopeared  as  a modifier  in  the  REQUIRE 
statement.  If  the  after-clause  is  utilized,  a corresoond- 
j ihd  after-clause  must  have  appeared  in  the  REQUIPE  state- 
ment. If  the  for-time  clause  is  utilized,  it  must  have  also 
appeared  as  a modifier  in  the  REQUIRE  statement. 


5.2.4.26.3  Examples 


1)  CHANGE  AC  VOLTAGE  OF  ACS  TO  8 VOLT; 

2)  CHANGE  DC  VOLTAGE  OF  DCS1  TO  4 VOLT  FOR_TIME=2  SEC; 

3)  CHANGE  DC  VOLTAGE  (OF  DCS1  TO  4 VOLT, 

OF  DCS1  TO  0 VOLT  AFTFR-DEL A Y = 2 SEC); 

4)  CHANGE  DC  VOLTAGE  FOP  1=1  TO  8 AT  PATF=10  K*HZ 

(OF  DCS1  TO  4 VOLT  FOP_TIME=1  U*SFC); 


An  analysis  of  the  examples  follows; 


1 ) 

Assuming 

the 

current 

value 

of 

ACS 

were 

0 volt. 

it 

is  chanqed  to 

8 volts 

for 

an 

indefinite 

period. 

2) 

Assuminq 

the 

current 

value 

of 

DCS 

were 

0 volt. 

it 

is  chanqed  to  a value  of  4 volts  for  a period  of  2 
seconds  and  then  returns  to  th*>  value  of  0 volt. 
It  should  be  understood  that  the  action  followinn 
that  statement  will  occur  concurrently  with  the 
chanqe . 

3)  Assuminq  the  current  value  of  PCS  were  0 volt,  it 
is  chanqed  to  a value  of  4 volts  and  rrooram  execu- 
tion is  suspended  for  a period  of  2 seconds,  after 
which  the  value  is  returned  to  0 volt.  Unlike  ex- 
ample 2 the  action  followinq  the  statement  does  not 
occur  until  after  the  value  of  DCS  has  returned  to 
0 volt. 

4)  Assuminq  the  current  value  of  PCS  were  0 volt,  this 
statement  produces  a burst  of  8 pulses  of  amplitude 
4 volts,  a oulse-width  of  1 usee,  and  a pulse- 
repetition  rate  of  10  KHZ. 


5.2.4.26.4  Semantics 


The  value  of  the  chanqed  characteristic  is  chanqed  as  speci- 
fied by  tne  chanqe-clause ( s ) . If  the  for-time  clause  is 
utilized,  the  chanqe  occurs  for  the  duration  of  the  speci- 
fied time  after  which  the  character istic  returns  to  the  ori- 
ainal  value.  It  should  be  noted  that  the  action  followino 
such  usaoe  occurs  concurrently,  or  as  nearly  so  as  the  sys- 
tem will  allow.  If  the  after-clause  is  utilized,  it  refers 
to  the  preceding  clause  and  implies  a delay  from  the  CHANGF 
command  or,  if  the  resource  reference  is  a sub-set  then  the 


set).  If  the  for-clause  is  utilized,  the  following  qroup  is 
iterated  as  specified  at  either  a rate  controlled  by  the 
rate-clause  or  of  an  unspecified  rate.  If  unspecified,  the 
rate  is  assumed  to  be  as  fast  as  the  system  will  allow. 


This  Appendix  contains  the  nouns,  modifiers,  and  units  of 
measure  which  form  a malor  part  of  the  OPAL  vocabulary. 

Tne  Appendix  consists  of  two  malor  sections,  and  a source 
reference  list,  as  follows: 

Section  I - Electronic-Avionics 

Section  II  - Mechanical,  Pneumatic-Hydraulic,  and  Optical- 
Radiometric 

Source  Reference  List 

Each  section  contains  a noun  and  a modifier  list.  For  Un- 
its, see  Appendix  ?.  Each  lanouaqe  element  is  shown  in  its  OPAL 
form  (excessively  long  words  are  abbreviated)  as  well  as  its  full 
form. 

Noun  lists  consist  of  each  noun,  its  definition,  and  the 
modifiers  which  fall  within  that  class  of  characteristics.  The 
full  modifier  name,  its  OPAL  form,  and  the  units  in  which  each 
may  be  measured  are  Included.  Units  are  shown  in  their  OPAL  form 
only.  When  aoolicaole,  the  noun  list  beolns  with  a set  of  modif- 
ier suffixes.  Suffixes  are  defined  as  terms  which  are  combined 
with  a modifier  to  more  precisely  describe  a characteristic. 

Modifier  lists  contain  the  definition  of  each  characteris- 
tic, a source  reference,  and  the  nouns  with  which  each  modifier 
is  used. 

The  source  reference  list  c italns  the  bibl iooraphy  from 
which  the  definitions  were  drawn. 

The  vocabulary  is  designed  to  be  expandable  in  its  diction- 
ary of  nouns,  modifiers,  and  units.  As  tne  need  for  additional 
descriDtors  of  measurable  characteristics  arises,  these  will  be 
submitted  throuqh  oroper  channels  and  officially  added  to  this 
Appendix . 

SECTION  I - ELECTRONICS-AVIONICS 
NOUN  LIST 


A.  Suffixes: 

l.  Modifier  Suffixes 

All  non-DC  measurements  specified  in  amperes  or  volts 
(e.o.,  current,  voltaqe,  etc.)  are  assumed  to  represent  a 
distortionless  RMS  value  of  the  named  characteristic,  unless 
one  of  the  followlna  suffixes  is  sped  f led  . *1  th  the  modifier: 

TRms  (True  Root  Mean  Square):  The  sauare  root  of  the  average 

of  the  square  of  the  value  taken  throughout  one  period. 

a V (Averaae):  The  value  averaqed  over  a full  cycle. 

PP  (Peak  to  Peak):  The  total  value  measured  over  one  full 

cycle,  from  the  positive-aoino  peak  to  the  neaatlve- 
qoinq  peak. 


P (Peak):  Designates  the  instantaneous  value  of  the 

oos i t i ve-oo inq  peak  of  a time  function. 

P.Neg  (Peak-Negative) : Designates  the  instantaneous  value  of 

the  negative-qolno  peak  of  a time  function. 

0 (Zero)  and  1 (One):  Modifier  suffixes  to  be  used  with  the 

modifiers  defining  tne  logical  state  to  describe  the 
analogue  characterist ics  which  represent  a 0 ar.o  1 
respectively  in  the  STATE  bitstring. 

Note  1:  Tne  value  of  _P  and  .P.NEG  shall  dp  desiunateo  as 

negative  with  a minus  sign  or  as  positive  with  either  no 
sign  or  a plus  sign. 

Note  2:  A break  character  shall  be  used  to  loin  a suffix 

with  a modifier  as: 

VOLT  AGE. A V 

2.  Noun  Sufxix 

To  enable  any  characteristic  to  represent  logical  data 
the  suffix  LOGIC  will  be  used  with  any  applicable  noun.  The 
use  of  the  suffix  imolicitlv  defines  that  there  is  a loaical 
state  bit-string  modifier  associated  with  the  resource.  To 
define  the  loqical  states  requires  that  the  modifier  appear 
twice,  with  0 and  1 suffixes,  in  both  the  resource  definition 
and  the  appropriate  executable  statements. 

The  use  of  a dlqital  logic  resource  may  require  the  use 
of  additional  modifiers  to  the  set  associated  with  the  noun, 
these  are  summarized  below: 

1)  STATE  Modifier  to  describe  the  loqical  'state' 

of  a diqital  loqic  resource  set. 

2)  DATA. RATE  Describes,  for  sources,  the  rate  at  which 

CHANGES  can  occur,  and  for  sensors  the 
rate  at  which  READinqs  can  be  made,  nor- 
mally has  an  HZ  dimension.  In  general, 
this  modifier  must  be  CONTPOLable,  and  is 
programmed  by  the  at. rate  clause  in  the 
CHANGE  and  READ  statements,  for  source 
and  sensor  resources,  respectively.  How- 
ever, if  the  usaqe  within  an  entire  test 
proqram  requires  that  the  value  is  con- 
stant then  it  may  appear  as  a CAPABILITY 
modi f ier . 


’ i 


II 
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3)  DATA. WIDTH  Used  only  with  source  resources  and 

describes  the  oulse  width,  in  units  of 
time  for  a single  'bit'  of  data.  In  gon- 
eral,  this  modifier  must  be  CONTROLable 
and  is  programmed  by  the  for-time  clause 
appear ino  in  the  chanqe  statement.  How- 
ever, if  the  usaqe  within  an  entire  test 
proqram  requires  that  the  value  is  con- 
stant then  it  may  appear  as  a CAPABILITY 
. modlfUr.  _ ..  , 


4)  BUFFER-SIZE 


The  assumed  model  of  a digital  resource 
for  dynamic  testinq  includes  a memory 
buffer.  The  dynamic  testing  construct 
proDosed  describes  the  number  of  'bits' 
transmitted  or  received,  at.  the  specified 
rate,  in  a contiguous  stream.  In  order 
to  determine  if  a specific  actual 
resource  can  satisfy  the  virtual  resource 
it  is  necessary  for  the  maximum  number  of 
bits  issued  in  a continuous  stream, 
within  the  entire  test  oroaram  be  speci- 
fied as  a CAPABILITY  BUFFER-STZF  modifier 
in  the  virtual  resource  REQUIRE  state- 
ment. It  should  be  understood  that  if 
the  actual  resource  BUFFER— SIZE  is  less 
than  the  virtual,  it  does  not  necessarily 
preclude  the  possibility  of  the  REOUTPF- 
MFNT  beinq  satisfied.  This  is  so  since 
the  maximum  RE0U1RE  DATA_R ATE  may  be  such 
that  buffering  is  not  required. 


5.3.4  Anpenriix  4 


Verbs  and  Keywords 


:;=  DECLARE  I OEFINEI  PEQMIREI  SPECIFYI 

partition  isft  iifi  rfp*at  ileavei  cyci.fi 

C A Ij  L I RETURN  I ESCAPE  I T ABLE  I STAPTI 
CHANGE  I REAL)  I DELAY  I OUTPUT  I INPUT  I 
APPLY  I REMOVE  I MEASURE  I ACTIVATE  (GOTOI 
ENABLE  I DISABLE  I1ERMINATEI  SETUP  ICOMNFCTI 
DISCONNECT  I CLOSE.  I OPEN  I BEGIN  | MONITOR  I 
REFERENCE  I INCLUDE  I BFGIN_BLOCK  IC^AINI 
COMMON  I RIJN 

::=  TRUE  I FALSE)  BIN  IOCT  I HEX  IRCDI  XOP  |OR  | 

AMD  I NOT  I ROTATE.LEFT  I ROT  ATE_R  I GUT  I 
SWTFT_LEFT  ISHTFT.RIGHT  | AR I TH_SH I FT.LEFT  I 
AR I TH_SH  T FT_P IGHT  I IN  IIS  I INTEGER  IPFALI 
BOOLEAN  ICHAPSTRING  I BITSTRING  I ARRAY  I SHARE  I 
INITIAL  I FIJNCTI  ON  ISUBROUTINE  | I MTFPRUPT  ITASK  | 
PRIORITY  (RESULT  IF.ND  ICHECKINGI  EVERY  I PC  I 
CNX  ISUUPCE  I SENSOR  I LOAD  ICLOCK  | EM  I TTEP  I TO  I 
ACCEPTOR  |AS  IELSFI  THEN  I FOR  I BY  I WHILE  | UNTIL  | 
DO  I FROM  I INTO  I RUT  IAFTF.PI  USING  I FORMAT  | 

AT  I OPAL  I PROGRAM  | MANUAL.INTERVENT1  ON  I 
INPUT.D  IOUTPUT_D  | WHEN  I WITH  I FULL-SCALE  I 
READING  I SET  I AFTE.R.DELA Y ICONTROL  I 
CAPABILITY  II.IMIT  ILINKED  IORAS  IFOR-TI^F  I 
AT.PATE  IOE 
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